Abstract. High power transient electric field is coupled into the interior of the electronic system easily. How to detect the field signal and reduce the influence of the field has become one of the most important fundamentality research projects. However, single sensor cannot detect the wide bandwidth signal effectively. According to the problem that the detecting sensor cannot cover the bandwidth of the signal, this paper presented a method of data fusion to combine the signal of different sensors to restore the original high power transient electric field signal. Experiments show that the method features a quick response and high accuracy of the restoration of the original high power transient electric field signal generated by the experimental system.
Introduction
The high power transient electric field typically has nanosecond or sub nanosecond rise time and extremely high field strength, which leads the damage to the electronic equipment easily. The high power transient electric field usually has highly rapid rising edge, very short duration time and very high peak value in the time domain, while in the frequency domain, it can cover wide frequency band, and therefore a strict requirement of the measurement instrument is needed [1] .
High power transient electric field is coupled into the interior of the electronic system easily because of its wide bandwidth and big field strength. With the development of the technology, the influence of fields such as military, national defense and communication caused by high power electromagnetic environment will become bigger and bigger. In recent years, the research of electronic-magnetic effect and its protection strategy of the high power transient electric field had been one of the most important fundamentality research projects [2, 3] .
According to the wide bandwidth of high power transient electric field, single sensor cannot detect it effectively. Two or more sensors were applied in this paper and a data fusion method was applied in the restoration of the high power transient electric field. The experimental system constructed in the paper showed the quick response and high accuracy of the method.
Data Fusion Technology
The data fusion technology is a signal processing technology developing rapidly in the field of information science. Generally speaking, data fusion is the process of various field such as detection, relevancy, estimation and comprehension of the redundant or complementary information and data of many sources. During the process of fusing, all the useful features of all the signal will be preserved and the optimum unify estimation of the measured object will be obtained.
There are many advantages of using multi-sensors to extract and restore the high power transient electric field signal, such as the reduction of the sensibility of the environmental noise counter to the time variation and the best use of complementary characteristics of multi sensors data, to make up the defection that the data structure from single sensor is too simple.
In the process of data fusion with multi sensors, the sensors can be the same type or the different 5th International Conference on Environment, Materials, Chemistry and Power Electronics (EMCPE 2016) type. Therefore the measurement result of the same object of different sensors will different to some extent. A judgement should be applied to the data detected by the sensors to decide whether the data is credible. It is an effective method to define the matrix of relation by statistical methods, to measure the correlation degree of the sensors. Supposed there are several sensors to measure the same signal, the measurement value should satisfy the Gaussian distribution. If the confidence distance measure d ij is introduced to express the deviation of two sensors, the smaller of the confidence distance measure, and the closer of the measurement values. If the sensors are the same, d ij equals 0. All the confidence distance measure makes up the distance matrix. When the confidence distance measure is smaller than threshold ε, the two sensors can be considered as mutual supported with the value is 1, otherwise the value is 0. Then the matrix of relation is constituted as formula 1 [4] . (1)
In formula 1, r ij means the supporting degree of the No.i sensor from No. j sensor. The threshold ε is usually selected by experience, which will affect the final fusion result.
Bayes norm was applied in the data fusion algorithm. Supposed there were n sensors that detected the same high power transient electric signal. The optimum fusion number is l (l≤n) and the fusion set X=(x 1 ,x 2 ,…,x l ) . The conditional probability density of each measurement value was set as formula 2.
In formula 2, the μ was the mean value of the measurement. The parameter μ complied with Gaussian distribution N(μ 0 ，σ 0 2 ) , and x k complied with N(μ，σ k 2 ). Therefore, the Bayes estimation of μ was set as formula 3.
The high power transient electric field signal could be restored by the fusion of several sensors in different frequency bandwidth [5] . The data fusion algorithm could be divided into five steps that was shown as followed.
Step 1: the initialization of the original data. There are n sensors in the measurement of the original signal. Normalization will be carried out in the data of the sensors.
Step 2: calculating the different value between the measurement value and the reference value. The different value can be considered as Δφ n.
Step 3: according to formula 4, the amplitude of the detecting signal of the sensor in frequency f can be calculated. In formula 4, p is the adjusting constant, which is related to the characteristics of the sensor, the circuit, and so on. Step 4: the value of the sampling site of the original signal can be estimated through formula 3.
Step 5: after estimating all the value from the n sensors, the whole value of each sampling site in time domain can be calculated and the restoring data can be acquired.
Experiment Results
The structure diagram of the testing equipment of the high power transient electric field was designed as figure 1. This equipment was consisted by sensor, optical fiber and light receiver. During the testing time, the sensor was set in the high power transient electric field. The electric field signal was modulated to light signal by the active electric-light conversion circuit. After been transmitted to the optical receiver, the light signal could be modulated to electric signal during the optical-electrical conversion circuit, which could be recorded by the scope. Figure 1 . The structure diagram of the testing equipment The experimental environment was set as Figure 2 . The pulse noise simulator was selected as NOISEKEN INS-4040 and the Scope was selected as Tektronix TDS7404B. The capacity of the antenna load was 2.4nF, the amplitude of the input square wave was 100V, and the distance between the sensor and the board was 0.5m.
(a) the testing environment (b) the position of the sensor Figure 2 . The structure diagram of the testing equipment The signal caught by the sensor was shown in Figure 3. (a)The input square wave (b) the measuring square wave Figure 3 . The input and measured waveform with pulsed width of 50ns and amplitude of 100V The pulse width of the square wave pulse generated by the noise simulator was set as 50ns and the amplitude of the pulse was set as 100V, which was shown as figure 3 . From the figure, the rising edge of the square wave was 238.8ps with the amplitude was 94mV. The rising edge of the measurement wave from the sensor was 595ps, with the amplitude was 114mV. That meant there was some broaden of the rising edge between the input wave and the measurement wave, but the sensor could detect the square wave pulse whose rising edge was less than 1ns, which could verify the good high frequency performance of the sensor. The gain of the experimental instrument was about 1.5dB from calculation, which was in the 3dB range of the sweep frequency analysis. From the formula 5, the upper cutoff frequency was about 588MHz. 
Conclusion
In the paper, a method of data fusion was introduced to detect the high power transient electric field. The experimental system was constructed and some experiments were carried out. Four sensors were applied in this paper and the experiment showed that this method had quick response and high accuracy in the detection.
